Proton magnetic resonance spectroscopy ( 1 H-MRS) is useful in monitoring biochemical changes in metabolic, traumatic, infectious, and oncologic disorders of the brain. N-acetyl aspartate (NAA) content is a measure of neuronal integrity, choline (Cho) content mirrors membrane turnover, and creatine (Cre) relates to energy dependent systems. A decrement of NAA concentration has been interpreted as a sign of neuronal loss or dysfunction. To reduce intra and inter-subject variability in MRS measurements, peak area ratios are also computed for, NAA/Cre and NAA/Cho. MRS may thus improve the efficiency and sensitivity of MRI, especially for the detection of functional lesions that are not visible in conventional imaging sequences.
The persistent vegetative state (PVS) is one of the least understood and most ethically upsetting conditions because even modern high-technology does not restore function after brain damage. This term describes a unique condition in which patients who emerge from coma appear to be awake but show no signs of awareness. The diagnosis of PVS has been made more difficult by recognition of the minimally conscious state (MCS) as a transitional phase in the partial recovery of self-awareness or environmental awareness while a patient emerges from PVS, leading to a relative high proportion of errors. [4] [5] [6] In this paper, we will describe metabolic changes assessed by MRS comparing two patients who evolved from PVS to MCS and two others who remained in PVS.
METHODS
We studied four patients by MRS in January 2007. These patients had first been studied in our Institute in January 2005. At that time, all four fulfilled diagnostic criteria for PVS: no evidence of awareness of self or environment, no interaction with others, and no comprehension or expression of language. Often stimuli resulted in massive stretching or startle reactions, without habituation, sometimes with massive flexor responses. Occasionally grimacing followed stimulation. Nonetheless, external stimuli did not evoke purposeful or sustained and reproducible voluntary behavioral responses. Hence, we appropriately diagnosed PVS. [6] [7] [8] To assess the level of consciousness in patients we used a scale described by the International Working Party on the Management of the Vegetative State (Table 1) . This scale describes a comatose state, three vegetative sub-states, three non-vegetative sub-states, and a conscious state. 8, 9 Patients' clinical data is presented in H-MRS, as described elsewhere. 10, 11 The MRI and MRS data were both obtained using a conventional 1.5 Tesla whole-body imaging system (Magnetom Symphony, Siemens Medical Systems, Erlangen, Germany). MRS was performed with the single voxel PRESS sequence provided by the manufacturer using a TE of 135 milliseconds and a TR of 1500 msec. Localized water-suppressed proton spectra were obtained using a stimulated echo acquisition mode (STEAM) sequence. Spectra were obtained from 2 x 2 x 2 cm volumes of interest (VOI) placed in cerebral cortex at the left frontal hemisphere and both thalami, and 1.5 x 1.5 x 3 cm VOI placed in the brainstem ( Figure 1 ). These regions were selected because they are crucial for the pathophysiology of consciousness generation. Spectroscopy variables measured from 1 H-MRS were N-acetyl aspartate (NAA) and creatine (Cre). Although other metabolites were also measured, we only included in this paper peak area ratios NAA/Cre. 
RESULTS

DISSCUSSION
The mechanisms underlying the development of brain damage from all causes of hypoxic encephalopathy are complex, although resistance to anoxia among brain structures plays a fundamental role to explain the site and intensity of lesions. 12, 13 Dubowitz et al stated that although MRI and MRS measure different aspects of hypoxia that are independent, both correlate with poor outcome in hypoxic encephalopathy. 12 Ricci et al reported that NAA/Cre in hypoxic encephalopathy were markedly lower than in the control subjects, in both frontal lobes. 13 An important issue to consider is that in uni-voxel MRS at any brain location includes both gray and white matters. [10] [11] [12] [13] Ammermann et al, studying patients who suffered from global cerebral anoxic damage caused by primary respiratory or cardiac arrest, reported that all patients exhibited cortical lesions of some degree, generally most pronounced in the frontal and occipital lobes, and that patients with the worst outcomes showed a more widespread lesion pattern of cortical lesions.
14 In studies involving children, NAA and Cre in the frontal white matter correlated with performance on a working memory task. 15 Our two patients who transited to MCS showed a decrement of the NAA/Cre ratio in the thalami, and one of them showed incremented values of NAA/Cre at the brainstem. Uzan et al reported that the NAA/Cr ratio was significantly lower in the thalami of two PVS patients who had suffered severe traumatic brain injury. 16 Carpentier et al reported that MRS detected severe functional damage of the brainstem in patients with normal morphological MRI. 17 Hypoxic damage of the brain is complex and depends on several factors, such as resistance of the nervous system to anoxia at different levels of the brain, time of asystole, THE CANADIAN JOURNAL OF NEUROLOGICAL SCIENCES effectiveness of resuscitation maneuvers, possible exposure to accidental hypothermia, etc. 18 Therefore, a great variety of lesions may characterize hypoxic encephalopathy. Hence, it is necessary to perform future studies including a greater sample of PVS cases who had suffered hypoxic encephalopathy, and to compare those results with other causes of brain damage, to explain our MRS findings in the brainstem and the thalami.
366
LEVELS OF CONSCIOUSNESS
We believe the most important finding in our studies was the increment of the NAA/Cre ratio in the cortex in the two cases of transition of from PVS to MCS, while the pair who remained in PVS showed lower values of this MRS measure. Of course, due to our small sample of patients we were not able to apply a valid statistical analysis, but we consider that it is important to report cognitive recovery assessment in PVS cases, even in single or a few cases, as other authors have done. 4, 19, 20 Hence, although it is necessary to carry out future studies with a larger sample of cases, MRS seems to be a useful technique to follow up cognitive recovery in PVS patients transiting to MCS. 
